Effects of treatment in vivo with the antlmaladals:chloroquine(CQ), pdmaquine (PQ) and quinine(Q) on lysosomal enzymes and lysosomal membrane integrity were examined. Treatment with the three antimalarials showed an apparent increase in the membrane stability. CQ treatment resulted in increase in both the 'free' and 'total' activities of all the enzymes i.e. acid phosphatase, RNase II, DNase II and cathepsin D. PQ treatment lowered the '&ee' and 'total' activities of acid phosphatase and cathepsin D, but the DNase II activities increased. Treatment with Q resulted in increased 'free' and 'total' activities of RNase II and DNase II. While 'free' activities of acid phosphatase and cathepsin D were low; the 'total' activities increased significantly. Our results suggest that a generalized increase in free nucleases activities following prolonged treatment with antimalarials may lead to cell damage and / or necrosis.
INTRODUCTION
A variety of quinoline based antimalarial drugs are used for the treatment of malaria as well as for prophylaxis (1) . Most common currently used antimalarials include: chloroquine (CQ), pdmaquine (PQ) and quinine (Q) (1, 2) . The mechanism of action of these antimalarials in general is less cleady understood. However, various explanations have been proposed for their antimalarial action as well as for their action on the biomolecules (1, 2). These include: inhibition of enzymes of antioxJdant defense mechanism and of mitochonddal respiratory activity, cytochrome oxidase and several dehydrogenases (3) (4) (5) (6) (7) . The drugs accumulate in lysosomes and in mitochondria (1, 2, 8) . Thus intralysosomal concentration of CQ is reported to be about 1000 times higher compared to that in the plasma (1, 9) . We have earlier shown that under in vitro conditions, concentrations of CQ, PQ and Q
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The Maharaja Sayajirao University of Baroda, Vadodara, India 390 002. E-mail:sskatyare_msu2001 @yahoo.corn simulating therapeutic plasma levels showed stabilizing effect in the rat liver lysosome membranes (10) . Hence it was of interest to find out whether in vivo antimalarials treatment also has similar effects.
Interestingly the effects of in vivo treatment with antimalarials on lysosomal membrane functions have not been examined thus far. This aspect assumes importance since antimalarials accumulate in the lysosomes in high concentrations as cited above (1, 9) . We therefore examined the in vivo effects of the three antimalarial on the lysosomal function in terms of the marker enzyme activities i. e. acid phosphatase, cathepsin D, DNase II, RNase I1. Acid phosphatase activity was measured with I] glycerophosphate (BGP) and p-nitrophenylphosphate (PNPP) as the substrates. The results of these studies are summarized here.
MATERIALS AND METHODS
Chloroquine phosphate, pdmaquine phosphate and quinine hydrochlodde were purchased from SigmaAldrich. Yeast RNA, calf thymus DNA and bovine serum albumin (BSA) fraction V were purchased from Sigma Chemical Company, USA. Sodium I~ glycerophosphate (BGP) was purchased from Koch-Light Ltd. UK. Hemoglobin was from British Drug Houses, Poole, Dorset, UK, and p-nitrophenylphosphate (PNPP) was obtained from SRL, India. All other chemicals were of analytical reagent grade and were purchased locally.
Animals and treatment with antimalarials
Male albino rats of Charles-Foster strain weighing between 250-300 gm were used. The animals received daily injection of antimalarials intraperitoneally (i.p.) for 7 or 14 days. Doses of the three antimalarials CQ, PQ and Q were: 10 mg, 0.21 mg and 30 mg/kg body weight respectively and are similar to those used for humans (1, 11) . The antimalarial solutions were prepared in saline. The controls received only the saline vehicle. The animals were killed by decapitation on 8 = and 15 = day of treatment. In the control groups the results for 7 or 14 day saline injected rats were in close agreement and hence the data were pooled. Thus the control is given only as one group in all the figures.
Enzyme assays
The animals were killed by decapitation and their livers were quickly removed and placed in beakers containing chilled (0-4 ~ 0.25 M sucrose. The tissue was minced, was repeatedly washed with 0.25 M sucrose, and then homogenized using a Potter-Elvehjem type glass-Teflon homogenizer to obtain 10 % (w/v) homogenate. The homogenate was centrifuged at 650 x g for 10 min to obtain nuclei-free supematant which was used as the source of enzyme for determination of (3 glycerophosphatase (BGPase), p-nitrophenyl phosphatase (PNPPase), RNase 11, DNase II and cathepsin D activities (12, 13) . The 'free' activities were determined within 15 min of preparing the nuclei-free homogenate. The nuclei-free homogenate was diluted 1:5 times with distilled water to which a drop of freshly prepared 10% (w/v) Triton X-100 was added after which it was subjected to 5 cycles of freezing and thawing and then used for measurement of the 'total' activities (14, 15). Freezing was achieved using acetone-dry ice mixture. Freezing time was approximately 5 min. Thawing was carded out by leaving the sample at room temperature in a beaker containing distilled water. Thawing time was approximately 10 min. The ratio of Total activity / Free activity (T/F ratio) was used as the measure of the membrane integrity (14, 15) . For determination of the Pi content in the acid soluble pool known aliquots (0.1 ml) of nuclei-free supematant were deproteinized with 2.0 ml cold (0-4 ~ 5% (w/v) trichloro acetic acid (TCA) as described previously (14) . Determination of Pi content was by the method of Fiske and Subba Row (16).
For determination of the nucleotide pool 0.2 ml aliquots of nuclei-free homogenate were deproteinized with 2.0 ml of 10 % (w/v) perchlodc acid (PCA) containing 0.25% uranyl acetate. The tubes were kept on ice for 20 min and then subjected to centdfugation. After suitable dilution, the optical density of the supematant was determined at 260 nm from which the nucleotide pool content was calculated using the molar extinction coefficient of 8.5 X 10 e (12). Tyrosine positive materials in the tissue were measured after deproteinization of measured aliquots (0.25 ml) of the nuclei-free homogenate with cold (0-40 C) 5 % (w/v) TCA as described eadier (14) . Protein estimation was by the method of Lowry et al. (17) with bovine serum albumin used as the standard.
STATISTICAL ANALYSIS
The results are expressed as mean + S.E.M. Students' t-test was used to calculate the level of significance.
RESULTS
In the control group the body weight of the animals increased marginally over the 14 day period. A similar pattern was seen in the PQ and Q treated animals. By contrast, treatment with CQ resulted in decrease in the body weights which was evident as early as one week and through the end of second week of treatment, the decrease in body weight was about 8% (data not given). Following CQ treatment, the liver weight also decreased significantly (34 % decrease) in the 7 day treatment group. However a partial recovery (22 % decrease) was observed at the end of 14 day treatment. PQ and Q treatments had no effect on the liver weight (data not given).
The tissue protein content did not change following antimalarials treatment for 1 week. However, PQ and Q treatment for 2 weeks resulted in 21% and 14 % decrease in the tissue protein content ( Table 1 ).
The effects of antimalarials treatment on lysosomal enzyme activities are depicted in Figs. 1-3. Thus following CQ treatment (Fig. 1 ) it was noted that both 'free' and 'total' PNPPase activities increased in both 7 and 14 day groups. The ratio of total activity / free activity (T t F ratio) increased by 16 % in the case of CQ-7 group whereas no change was seen for CQ-14 group. A similar pattern was seen also for the BGPase activities. The T/F ratio almost doubled in the 7 day treatment group. The 'free' and 'total' RNase II activities increased progressively with duration of treatment with the magnitude of increase being much higher in the case of the 'total' activity. Thus the T/F ratio increased progressively. The DNase II activity was not detectable in the control group. However, CQ treatment caused a transient increase In the 'free' activity on day 7 of the treatment. The reason for transient increase in the free DNase II activity following treatment with CQ remains obscure. The 'total' DNase II activity was significantly elevated resulting in higher 1"/F ratios. CQ treatment caused a significant increase in both 'free' and 'total' cathepsin D activities in the 7 day treatment group and the T/F ratio was elevated significantly. Increased cathepsin D levels following CQ treatment has also Following PQ treatment the 'free' PNPPase activity decreased significantly while the 'total' activity was somewhat low in 7 day group; in the 14 day group the activity was significantly high. The latter group also showed significantly higher T/F ratio. For BGPase the 'free' activity decreased significantly in both the groups, while the 'total' activity decreased only in 2 week group. The 'free' RNase II activity was unchanged but the 'total' activity decreased after 2 week treatment. The 'free' DNase II activity increased in 2 week treatment group while the 'total' DNase II activity was elevated in both the groups. The 'free' cathepsin D activity showed a transient pattern with initial significant reduction followed by 40% increase whereas the 'total' activity increased by 3.2 fold in the 2 week treatment group.
Q treatment resulted in a small but reproducible increase in the 'total' PNPPase activity in the 7 day group while this treatment had significant Iowedng effect on 'free' BGPase activity; the 'total' BGPase activity increased only after 7 day treatment. 'Free' RNase II activity was somewhat low after 7 day treatment but more than doubled following 14 day treatment. The 'total' RNase II activity increased progressively (29 and 37 % increase respectively). Q treatment also resulted in stimulation of both 'free' as well as 'total' DNase II activities almost to the same extent in both the treatment group. 'Free' cathepsin D activity was low following 14 day treatment with Q whereas the 'total' activity increased by 4 fold in the 7 day treatment group.
In view of the significant changes in the lysosomal enzyme profiles, (Figs. 1-3 ) it was of interest to find out if the antimalarials treatment also affected the pool size of Pi, nucJeoUdes and amino acids. The results are shown in Fig. 4 . As can be seen, the content of Pi in the pool increased by 67% after treatment with CQ for 7 days; with 14 day treatment the increase was 55%. 7 day treatment with PQ and Q had no effect on the pool size, but 14 day treatment resulted in decreased pool size (19 to 30% decrease).
The nucleotide pool size decreased after one week treatment with CQ and PQ; the effect persisted also in PQ group after 14 day treatment. Quinine treatment resulted in an initial increase (30% increase) followed by 30% decrease.
Tyrosine positive matadals were always high in all the groups receiving antimalarials treatment for 7 days and especially so in those animals receiving CQ treatment. Prolonged treatment with PQ resulted in decrease (16 %) while that with Q caused a further increase (71% increase).
DISCUSSION
From the data presented (Figs. 1-3 ) it is clear that CQ treatment in general resulted in increase in the 'free' as well as 'total' activity of all the lysosomal enzymes. In contrast to CQ, treatment with PQ had practically no effect in general on either the 'free' or 'total' activities except for DNase II. In this instance 14 day treatment resulted in increase in both the 'free' as well as 'total' activities. Following Q treatment the pattern was intermediate. Although the BGPase and cathepsin D activity decreased, there was an overall increase in general in the RNase II and DNase II activities. Also, the 'total' activities increased substantially.
Thus the emerging picture is that the treatment with antimalarials resulted in an overall increase in the 'total' activities. However, the changes in the free activities were of variable nature. Also in general the ratios of T/F activities were higher implying that the lysosomal membranes were more intact. However, this parameter and/or conclusion may be considered as somewhat deceptive in view of the fact that when both 'free' and 'total' activities increased the absolute increase in the 'free' activities was already much higher compared to the control (e.g. see Figs. 1-3) . The increase in 'free' activities especially in the case of RNase II and DNase II is a matter of concem, since this can lead to indiscriminate degradation of RNA and DNA ultimately resulting in necrosis of the cells in the host tissue i.e. liver. Earlier we have reported that in paracetamol-induced hepatotoxicity, the 'free' as well as 'total' RNase II and DNase II activities had increased (19). Necrosis associated with paracetamol-hepatotoxicity is well recognized (20) . In other studies, we have observed that picrotoxininduced epilepsy also resulted in increased 'free' RNase II and DNase II activities in the brain as well as in the liver (21, 22) ; neuronal degeneration in epilepsy is well documented (23, 24) . We have also reported previously that the 'free' cathepsin D activity increased substantially in experimental thyrotoxicosis (13). Involvoment of lysosomes in cellular pathophysiology is well recognized (25) .
We also found that the acid phosphatase activity increased substantially, at least in the early period following antimaladals treatment (Figs. 1-3) . In other studies we have shown that lysosomal acid phosphatase preferentially acts on nucleotides and that AMP is the preferred substrate (26) . The concerted action of activated nucleases and acid phosphatase would lead not only to the breakdown of nucleic acids but also to the further dephosphorylation of mononucleotides, thereby leading to the acceleration of the process of cell degeneration.
Interestingly, antimalarials treatment also significantly affected the pool size. The changes in the Pi pool size correlated well with 'free' BGPase activity. However, no such correlation between nucleotide pool size and RNase II and DNase II or between the tyrosine pool size and cathepsin D activity was noted. Needless to say, at any given point the pool represents the balance between the anabolic and catabolic activity of the cell.
Hence it may be suggested that the antimalarials treatment might affect not only the lysosomal enzyme activities and membrane stability but also affect the overall metabolism of the cell as reflected in the pool size (Fig. 4 ).
In conclusion, results of our present studies suggest that prolonged exposure to antimalarials can have adverse effects on the host tissue i.e. liver through activation of lysosomal enzymes especially the nucleases. Besides, the metabolic activity of the cells also may be severely affected as reflected in the alteration in the pool size. In related studies we found that the antimalarials treatment resulted in severe impairment in oxidative energy metabolism in rat liver mitochondria (27) .
